Background: Recent evidence highlighted the potential of habitual smartphone use among youth to become an addiction analogous to established behavioral and substance-related addictions. While investigators revealed independent predictive effects of several sociodemographic factors, personality traits, psychological conditions, and smartphone usage patterns on smartphone addiction (SPA) in university students, none examined the independent effect of age at first smartphone use, a potential predictor variable, on subsequent development of SPA.
, on smartphone addiction in university students. It also supported the relationship between younger age of behavior onset during childhood and adolescence and increased likelihood of developing problematic behaviors such as problematic internet use, pathological gambling and problematic mobile phone use during early adulthood. Orsal, Orsal, Unsal, & Ozalp (2013) found internet addiction median scores to be significantly higher in those who started internet use at an earlier age (≤9 vs. 10-12 vs. ≥13 years) in Turkish university students (n=3442, mean age=17.6 years). Slutske et al. (2014) revealed an inverse association between earlier age of initiation of gambling during childhood and adolescence and the likelihood of gambling disorder in adulthood. Sahin, Ozdemir, Unsal, & Temiz (2013) showed problematic mobile phone use to be statistically significantly associated with younger age at first mobile phone use (≤13 vs. ≥16 years) in Turkish university students (n=576, mean age= 20.8 years).
Given the well documented independent effect of age at first use on substance dependence and abuse (Bergen-Cico & Lape, 2013; Liang & Chikritzhs, 2012; and the resemblances of behavioral addictions, including mobile phone addiction, to substance-related addictions in many domains including natural history, personality factors, comorbidity, neurobiology, cognitive features, genetic basis, diagnostic criteria, and responsiveness to psychosocial interventions and, to a lesser degree, to pharmacotherapies (Banz, Yip, Yau, & Potenza, 2016; Brezing, Derevensky, & Potenza, 2010; Grant, Potenza, Weinstein, & Gorelick, 2010; Jorgenson, Hsiao, & Yen, 2016; Karim & Chaudhri, 2012; Robbins & Clark, 2015) , the odds that early age at first use plays an important role in mobile phone addiction are high. In addition only two studies examined the effect, and not the independent effect, of age at first use of a mobile phone on subsequent development of mobile phone addiction (Darcin et al., 2016; Sahin et al., 2013) . This study aims to examine the independent association between age at first use and smartphone addiction score among a sample of Lebanese university students. We hypothesize that younger age at first use is an independent positive predictor of smartphone addiction.
Methods

Participants
Six hundred eighty eight undergraduate students were recruited from a private university in Lebanon (Notre Dame University). Students were randomly selected from the pool of "Natural Sciences", liberal arts courses (LACs). LACs were targeted because students from all of the different faculties at NDU are required to take at least one course from each of the pools of LACs.
Procedure
Email invitations were sent to the randomly picked students to participate in a web-based survey. Those who responded positively (92.5%) were then asked to fill out two survey forms. Collection of data took place during academic year 2014-2015.
Measures
One survey form included questions on socio-demographics (age, sex, dwelling (n=634), weekly hours of work ), academics (cumulative grade-point-average [GPA], class), psychological health (depression and anxiety, n=417), smartphone use (age at first use, duration of use on a weekday, reason for use (n=634) ), personality type (n=634), and few lifestyle behaviors (smoking and alcohol drinking, n=634). With regard to age at first use of smartphone, participants were asked to respond to the following question: At what age did you have your first smartphone and start to use it? Excessive smartphone use was defined by at least 5 hours (median number of hours spent using smartphone) on a weekday. The other form included a 26-item Smartphone Addiction Inventory (SPAI) Scale (Lin et al., 2014) , which consists of four subscales: compulsive behavior (CB; 9 items), functional impairment (FI; 8 items), withdrawal (W; 6 items) and tolerance (T; 3 items). The Cronbach's alpha for the SPAI scale was reported to be 0.94 (Lin et al., 2014) . Participants were asked to rate items on a 4-point Likert scale, 1= "strongly disagree", 2= "somewhat disagree"; 3= "somewhat agree"; 4= "strongly agree" so that the total SPAI score (Addiction Score) ranges from 26 to 104. These four categories were collapsed into two categories: disagree (strongly disagree + somewhat disagree) and agree (somewhat agree+ strongly agree). The Patient Health Questionnaire-2 (PHQ-2), and the Generalized Anxiety Disorder-2 (GAD-2), each consisting of the two core DSM-IV items for major depressive disorder and generalized anxiety disorder, respectively, were used to screen for depression and anxiety (Kroenke, Spitzer, & Williams, 2003; Kroenke, Spitzer, Williams, Monahan, & Löwe, 2007; Kroenke, Spitzer, Williams, & Löwe, 2010) . Each of the total PHQ-2 and GAD-2 score ranges between 0 to 6 with a score of 3 or greater being recommended for use as the cut-point for identifying depressed/ anxious people (www.phqscreeners.com). Statistical tests were performed to ensure that respondents and non-respondents were similar.
Statistical Analyses
Continuous and categorical variables were summarized as mean ± standard deviation and n (%), respectively. Comparisons of continuous characteristics between two/ more than two unrelated groups were performed using the independent samples T Test (Mann-Whitney-U-test)/ analysis of variance (Kruskal Wallis test), respectively. Categorical variables were compared using the chi square test /Fisher's exact test. Multiple linear regression was used to examine the association between age at first use (main independent variable) and level of smartphone addiction (total SPAI score-dependent variable), after adjusting for confounding. The assumptions of linear regression (normality, linearity, multicollinearity and homoscedasticity) were tested to ensure that none is violated. Independent variables that were found to be significantly associated with smartphone addiction level in the bivariate analyses were entered into the models. Model 1 was unadjusted, showing the effect of the main independent variable on the dependent variable. Model 2 was adjusted for age, personality type, depression and anxiety scores and class. Model 3 was our fully adjusted model in which smartphone-use-related variables were additionally entered into model 2 (duration of smartphone use on a weekday and reasons for smartphone use). In our analyses, missing values were excluded case by case/ pairwise. Data analyses were carried out using SPSS version 22 for Windows. Statistical significance was defined by a p-value of less than 0.05.
Ethical Approval
The study was approved by the Institutional Review Board at Notre Dame University (NDU), Lebanon. Informed consent was obtained from all study participants prior to enrollment in the study.
Results
The study sample consisted of 688 undergraduate students. The majority were men (53%) with a mean age of 20.64 ± 1.88 years. Their mean age at first use of smartphone was found to be 15.09 ± 2.12 years, with about 49% being excessive users. About 34% of the students in our sample were smokers, 63% were alcohol drinkers, 22% were depressed, and 27% were anxious. The most common reason for smartphone use was reported to be texting (83%) followed by entertainment/calling family members (67%), calling friends (62%), study-related purposes (54%), reading news (46%), and other (26%) ( Table 1) . In addition, younger age at first use of smartphone was found to be significantly associated with several smartphone addiction symptoms. For instance, the mean age at start of smartphone use of those who reported to use smartphone for a longer period of time and spend more money than they had intended, have slept less than four hours due to using smartphone more than once, feel uneasy once they stop smartphone use for a certain period of time, and be told more than once that they spent too much time on smartphone was found to be significantly lower than those who did not report such symptoms (14.80±2. (Table 3 ). In addition, younger age at first use of smartphone showed statistically significant correlation with higher total SPAI score (=-0.168, p=0.000), and with higher scores on each single SPAI subscale: compulsive behavior score (=-0.144, p=0.001), functional impairment (=-0.095, p=0.027), withdrawal score (=-0.161, p=0.000), and tolerance score (=-0.154, p=0.000) (data not shown). Multiple linear regression analysis was used to examine the ability of age at first use of smartphone to predict level of smartphone addiction (total SPAI score), after adjusting for confounding effects. In Model 1, higher addiction levels were found to be significantly associated with younger age at first use of smartphone, by which the total SPAI score increases by about 1.2 units for a 1-year decrease in age at first use of smartphone, and with age at first use of smartphone explaining about 3 % of the variance in total SPAI scores. The association between age at first use of smartphone and addiction level remained significant after adjusting for the effects of independent variables representing personal characteristics (age, personality type, depression score, anxiety score and class) in Model 2, whereby the total SPAI score increases by about 1 unit for a 1-year decrease in age at first use of smartphone, and with all the independent variables explaining about 12% of the variance in total SPAI scores. When the independent variables pertaining to smartphone use habits (duration/ hours of smartphone use, and use of smartphone for calling family members, entertainment and other purposes) were entered into model 2 (Model 3), the variance in total SPAI scores explained by all the independent variables almost doubled (23 %), and the observed significant association between age at first use of smartphone and addiction score in the previous models disappeared. In the final model (Model 3), higher total SPAI score was found to be significantly associated with personality type A, higher depression score, excessive smartphone use (≥ 5 hours/ weekday), non-use of smartphone for calling family members, and use of smartphone for entertainment purposes with excessive smartphone use having the largest beta coefficient (β=0.263, p=0.000) followed by depression score (β=0.185, p=0.003), non-use of smartphone to call family members (β= -0.147, p=0.015), personality type A (β=0.124, p=0.028) and use of smartphone for entertainment purposes (=0.122, p=0.043) ( Table 4) . 
Discussion
In summary, mean age at first use of smartphone in our sample was about 15 years, and close to 50% use their smartphones for 5 or more hours during a weekday mostly for texting, entertainment and calling family members. Those who reported younger age at first smartphone use were more likely to have below good academic standing, to use their smartphones excessively during a weekday for texting and other purposes, to have several smartphonerelated addictive symptoms (excitement despite fatigue, difficulty to control device use, gratification, sleep deprivation, tolerance and withdrawal), and to have higher smartphone addiction score. Nonetheless, younger age at first smartphone use did not associate with personality type, current smoking or alcohol drinking. In the unadjusted multiple linear regression model, age at first smartphone use emerged as a significant negative predictor of smartphone addiction level. Although its predictive negative effect remained statistically significant after controlling for age, personality type, depression and anxiety scores, and class; the independent predictive negative effect of age at first smartphone use disappeared when time spent using smartphone per weekday and purpose of using smartphone were further controlled for.
Our findings from correlation analysis of a significant positive association between younger age at first use and development of smartphone addiction are comparable to those of Orsal et al. (2013) and Sahin et al. (2013) which revealed significant associations between younger age at first use of internet (≤ 9 vs. 10-12 vs. ≥ 13 years) and higher internet addiction median score, and between younger age at first mobile phone use (≤13 vs. ≥16 years) and higher mobile phone addiction median score in Turkish university students, respectively. However, they were unlike those of Darcin et al. (2016) who did not find any significant correlation between earlier age at first smartphone use and smartphone addiction among a sample of Turkish university students. Yet, regression analysis revealed the influence of several factors on smartphone addiction which when we controlled for, the significant positive association between younger age at first use and smartphone addiction score was no more evident.
The attenuating effects of depression score and personality type A on the negative predictive effect of age at first use on smartphone addiction score were expected. The former expectation is in view of prior evidence of an independent positive predictive effect of depression on smartphone addiction in Turkish (Demirci et al., 2015) and Korean university students. In addition, Brezing et al. (2010) in their review of behavioral addictions in youth alluded to the positive association between depression and problematic internet use in adolescents and college students, where internet use is used as a coping strategy. Likewise, we had similar expectation with regard to the effect of personality type A; once more presumed by findings from earlier studies revealing significant positive association between neurotic personality trait and smartphone addiction in Korean college students (Mok et al., 2014) , personality type A and problematic mobile phone use in Turkish university students (Sahin et al., 2013) , and type A behavior traits and mobile phone dependence after adjustment for health-related lifestyle habits and depressive state in Japanese medical university students (Masahiro & Satoko, 2013) .
Excessive use of smartphone (defined as 5 or more hours during a weekday) emerged as the most powerful independent positive predictor of smartphone addiction controlling for age at first smartphone use, age, personality type, depression and anxiety scores, class, and purpose of using smartphone. This is in agreement with prior reports of a significant positive association between amount of time spent daily using smartphones (>16 vs. < 4 hours) and smartphone addiction score in Turkish medical students (Demirci et al., 2014) , and amount of time spent using the Internet per day and smartphone addiction score in Korean college students .
Comparatively, internet addiction scores increased significantly with increased number of hours spent on the internet per day, in a dose-dependent manner (≤3, 4-6, 7-12, and ≥13 hours spent daily), among Turkish University students (Orsal et al., 2013) , and duration of internet usage emerged as a significant independent positive predictor of internet addiction controlling for sociodemographic factors, dysfunctional attitude, self-esteem, personality traits, psychiatric treatment history and depression in a sample of Turkish medical university students (Şenormancı et al., 2014) . Also, problematic mobile phone use median score was significantly higher among excessive users of daily mobile phone use (≥ 5 vs. < 5 hours) in Turkish university students (Sahin et al., 2013) , and time spent on social networking applications emerged as a significant predictor of mobile phone addiction in a sample of university students from the US (Salehan & Negahban, 2013) . Noteworthy, findings from a study among a sample of 13,284 school adolescents (mean age=15.8, age range=14-17 years) from seven European countries revealed that age at first use of the internet had a less independent predictive effect on dysfunctional internet behavior compared to time spent on social networking sites or online games, with the latter emerging as a significant positive predictor of dysfunctional internet behavior, after controlling for age, gender, parental educational level, country, time spent on social networking sites, and average hours of playing games online per weekday (Tsitsika et al., 2014) .
Furthermore, while several studies reported on the relationship between smartphone usage and addiction among university students (Bian & Leung, 2015; Darcin et al., 2016; Salehan & Negahban, 2013; Zhang et al., 2014) , comparison of findings is not possible in view of the different descriptions/ classifications of the construct "smartphone usage" and the array of confounding variables they controlled for. In our sample, use of smartphone to call family members had an independent protective effect on smartphone addiction, pursuant to the finding of a direct positive predictive effect of family stress on smartphone addiction reported in a convenient sample of Taiwanese university students (Chiu, 2014) . In contrast, use of smartphone for entertainment had a significant positive predictive adverse effect on smartphone addiction, comparable to the findings of Demirci et al. (2014) of higher mean smartphone addiction score in Turkish medical students who used smartphone for gaming than those who used it for calling, text messaging, or other purposes. Also, in a convenient sample of Chinese university students, perceived enjoyment had a significant effect on smartphone addiction unlike information seeking and interpersonal communication (Zhang et al., 2014) .
Study Strengths and Limitations
To our knowledge, our study is the first one to employ a holistic assessment of the effect of younger age at first use of smartphone on later development of smartphone addiction in university undergraduate students, controlling for multiple sociodemographic, academic, lifestyle, personality and mental health, and smartphone-related parameters.
Though earlier age at first use showed positive association with smartphone addiction; however, its effect was lost when controlling for smartphone-related variables in particular, a measure that was missed by many, if not all, researchers who looked at the association between younger age of onset of behavior and smartphone addiction. In addition, the tools that we used to assess smartphone addiction level and screen for depression and anxiety were validated and have been used among samples of university students.
On the other hand, our study bears several limitations. First, we adopted a cross-sectional design so it is not possible to make the causal inference that an independent variable caused the observed changes in the dependent variable (smartphone addiction score). Second, data on many of the independent variables in our study were self-reported and may possibly be inaccurate such as when asked about age at first smartphone use, time spent and reason for using smartphone during a weekday. Third, other factors known to associate with younger age at first use and the development of smartphone addiction were not controlled for, such as particular individual personality characteristics like impulsivity (Dalbudak & Evren, 2014; Kim et al., 2015) , disruptive behavior problem (Dalbudak & Evren, 2014; Slutske et al., 2014) , and family environment (Slutske et al., 2014) .
Conclusion and Future Implications
In conclusion, younger age at use of smartphone did not predict smartphone addiction in university undergraduate students after controlling for multiple factors. Yet in view of the multifactorial nature of behavioral addictions, it is crucial that parents monitor and promote controlled and responsible use of smartphones among their youngsters, improve communication and seek help for vulnerable ones so that to reduce development of smartphone addiction. Future studies shall aim at identifying factors which underlie excessive use of smartphone; hence addressing those factors in interventions directed at individuals vulnerable to smartphone addiction. Moreover, longitudinal studies examining the sequential relationship between multiple factors that were found to influence smartphone addiction are needed.
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